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Current TTC System TTCPQON

o TTC = Timing, Trigger and Control
o Designed in ~2000

o0 Unidirectionakystem (optical) / 1310nm
0 1:32 split ratio maximum phasel/2 upgrades
0 Low bandwidth80Mb/s

0 Busy/throttle on a separate link
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PON Basics TTC PQON

0 PON = Passive Optical Network
o Usedin FTTH

0 Point to Multipoint Network (P2M)
o Bidirectional WDM: 1 fiber, 2 wavelengths (1 Up, 1 Down)

o0 Downstream (OL*ONU)

o High bandwidth o _ . Fa A
o Upstream (ONBOLT) 'si‘ ul
0 Low & shared bandwidth
0 Arbitrated by OLTwum A ) l‘l’“‘

oL % | DN E2 FTTC l%

Fiber 4, el 113

ek 113
OLT=Optical Line Terminal ¢opper==== ‘h ONU 44 FTTB R
ONU=0Optical Network Unit I
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TTCPON System
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- Previous work: [1], [2], [3]
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Downstream path TTCPQON

o h [ ¢ ONHqcontinuoustransmission)

0 9.6Gbps serial link (248w bits per BC / 8b header, 24lzontrol)

o0 LHC Bunch Clock (Bgnchronous 157 7nm i'j s
. ) ONU\?//
o Fixed& Lowlatency
| 9.6Gbps —
G & SNy - e
o Highbandwidth = %" — " (e
g \7 <  ONU \"52
OoLT
=
ONU "’:/:
< Bunchclockperiod (25ns) >
10G PONTC &€ USER DATA OVERHEAD
< 240 bits >
* Not in scale
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Downstream path TTCPQON

o Challenges:

25

o PON Standard line rate close multiple of 40MHz Power Budget=22.88dB

Y - Dt hb 0 dPy-PANH6GIHps)¢ ¢ / MARGIN=1.33 dB

Deterministic latency

Careful choice PLL

FPGA transceiver buffer bypass
Recovered clock alignment to header

18

Attenuation (dB)

< < < O

10F

v O

Small optical margin with simple 8b10i——————)
Y Scrambling + FEC (Forward Error Correction)
Y Target margin ~ 3dB (conservative approach)

For 100m fiber
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Downstream path TTCPQON

Errorsobservedgseemto haverandomnature @differentfrom GBTenvironmenj

o BinaryBCH codes are good farrrectingrandomerrorswith arelativelylow

complexity[5] n-bits
o Systemati@ncoding BCH{,k)
o Four shorteneeBCH codes o Main Figures aherit;
wereevaluated o Efficiencyk/n)

0 BCH(40,34) | o Codinggain
- Singleerror

0 BCH(80’73) correcting o Latency

o BCH(120,113) o Timing

0] 0)

Doubleerror

BCH(120,106)" correcting

Complexity(area)

o Scramblingsignakandomizer
o Seltsynchronouscramblingnosync overhead buerrorY dzf G A LJX A OF G A 2 y X
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Downstream path TTCPQON

0 Measurements Results:

Measured FEC - Coding Gain

107 ¢ ‘ ‘ .
=4 = GBT-RS(15,11) - EFF=73.33%| 1
10°F =) == BCH(120,106) - EFF=88.33%| 1
=—4=—BCH(120,113) -EFF=94.17%| 1
ol —4—BCH(80,73)  -EFF=01.25%|
BCH(40,34)  -EFF=85.00%| |
=—se= UNCODED
10°F .
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i ; ] 100, i O
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107 3 E .‘._*':{
- BCH(40,34)
e ] . | ===BCH(80,73)
i : ; | m===BCH(120,113)
i ‘| we—BCH(120,106)
109 E
1010k 5 " ..04
A i 4;»_-.'.‘.“ ".rl..._.f, 08
10M w ! CODING GAIN-(dB) TIMING SLACK (ns)
-30 -25 24 23 22 -21 -20 -
oma (dBm)
* RS(15,11) can correct two fobit symbols

- Decoder parameters considered for latency, slids and timing slack on Kintex7 FRAME LATENCY OVERHEAD (240MHz cycles)
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Downstream path TTCPQON

0 Summary

Encoding scheme

LineRate

Latency

Power Budget

User payload
(per bunchclock)
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Downstream Performance Summary
8b10b FEC

9.6Gbps; sync.to bunch clock

Fixed and deterministic [4] (value to be characterised \WEH§

22.88dB (8b10b) ~25.05dB (worstaseBCH(120,113))
~26.22dB (bestase BCH(120,106))

160b (8b10Db) 172b (worstcase BCH(40,34))
192b(bestcase BCH(120,113))
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Upstream path TTCPQON

0 ONUs> OLT (timalivisionmultiplexing

1270nm

0 2.4Gbps link 8b10bencoded

~_ONU1

T T e

Gap Preamble Comma/  Payload
Addr

|

Time slot onul I Minimize Waiting Time:

Number ONW Burst length
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Upstream path TTCPQON

o Awordon upstreamoverhead:

o Burstmodereceiverdificulties largedynamicrange / shortsettlingtime

0 A reset signddbetweenburstsis neededin orderto startthresholdextraction

ONU1

J“m Kintex 7

»
»

* XGPONMpecs

A Minimum Gap: 25ns

A Minimum Reset Puls®/idth: 25ns
A Maximum Setting time: 52ns (=minimupneamblelength)

..........................................................................................................
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Upstream path TTC PON

0 Burstcomposition: 125ns long

Commal

/ Addr Payload
- 25ns . ESZ%n; j :8.3n - | 33.3ns . )
Gap 25ns
Preamble 58.3s
Comma+Addr 8.3ns
Payload 33.3ns (64l 16b ctrl +48b user)
Total Gap+Burst 125ns
Latency(64 ONUS) 64x125ns=8us > Busy waiting tims
Average dataate (64 ONUs 8Mbps (64b/8us)
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Upstream path TTCPQON

o Challenges:

0 Link synchronization
Y Clock recovery and4@se for transmit path with controlled phase (@ONU level)

ot KIFIaS OKIFIy3aAay3d 060SG6SSyYy odzNRUA T Of I 3
Y Oversampling scheme (@ OLT RX level)

o TDM arbitration (token is automatically passed between ONUS)
Y Requires a calibration procedure
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Upstreampath TTCP

o) Oversampling 20bits [0 | 1 ] oONlI”x?MI;bpso [ [ x ]
| FLCLVELEL LDV LD PR DL

o Zerotime-to-lock
OLT RX@9.6Gbps x4 oversampling

Clockin Frame
—» MUX
ResetIn
h‘ ata oul
Data In Dﬂwn- .
m’ sample
E Cnm:ﬁ
, A =
Blind Oversampler e
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Upstream path TTCPQON
4——/—’

o TDM arbitration =

L
o OLT broadcast TIME REFERENCE SIGNAL (HEARTBEAT)

0 HEARTBEAT PERIONdmber ONUx 125 ns
o0 Each ONU has an internal counter + defined offset to transmit

OLT_TX I_\ I_\
Xl
ONU1_RX El—\ I_\
1
1
1
ONU2_RX i\ M
i
1
1
ONU3_RX i\ [\
1
X a
1
1
1
1
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Upstream path TTCPQON

o TDM arbitrationg Calibration

roundtrip_onul
0 The procedure is arbitrated by the master (OLTje=g

©

o Each ONU transmits continuously during calibration (while others are OFF)

OLT_TXI_\ I_\

K28. K28. K28. K28.
ONU1 Addr Addr Addr Addr

&
< |

roundtrip_onul

0 OLT measures the roundtrip time for each ONU:

0o ONU offset in TDM is compensated

o0 Timing resolution can be up 14J+0.416ns

=> During run, gap can vary betweer(2$16 ns and 25+0.416 ns
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Upstream path

o0 Power Budget

==SPEC
===N\leasured ONU1
]
107°F
E .10'10 |-
% 1 1 1
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-Target BER : #0-CL: 0.9%F mn Rl @& YSI adzNBYSy i
=) Comfortable margin
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[
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Power Loss (dB)

10

TTCPON

Power Budget=24.79dB

For 100m fiber

18



Upstream path TTCPQON

o Dynamic range I

o No penalty up to 12 dB ONU2 m .

onu1 onu2
5l —~—LOUD - DR=0dB | 5l ——SOFT - DR=0dB | |
10 ——LOUD - DR=3dB 10 ——SOFT - DR=3dB
— ——LOUD - DR=6dB — —+—SOFT - DR=6dB
o ~+-LOUD - DR=9dB o ~+~ SOFT - DR=9dB
@ 104} ——LOUD-DR=12dB|1 0 107%*| —+—SOFT - DR=12dB| |
ke o
K g
i 6| i i 6| ]
§ 10 § 10
U] U]
D 198! IR '
10710 ' ' — ' ' 10710 ' | '
30 28 26 24 22 20 -18 -16 30 28 26 24 22 20 18 -16
OMA (dBm) OMA (dBm)
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TTCPON Corefirmware TTC PQON

PC
o Core design or
soft-processor

o Similar structure for OLT/ONU

o0 Currently implemented in / h 4 A

o Fully software configurable TX I RX

o Firmware started being
delivered to users

(collecting feedback)

PHYCTRL}

3 3 a1

[ MGT }
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* ONU can be also controlled via OLT



Conclusions TTC PQON

o Simple FEC scheme could allowaising in power budget in order to
have a safepticalmargin (for 1:64 ONUahd have a higher efficiency Ir
downstream

0 Stable upstream protocol relying on 125ns bursts was depicted

o First version of TFRON core IP is being delivered (collecting feedback

0 Next steps:

o Migration to other FPGA familieKintex Ultrascale, ArrialO
o Long BER tests

o Temperature tests on OLT/ONU and Si5344

o Investigate new PON standards
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Potential developments for Pha8e TTC PQON

o Xilinx BCDR evaluation

o Burst Clock Data Recovery for 1.25G/2.5G PON Applicatidlim®caldevices
o BurstMode Clock Data Recovery with GTH and GTY Transceivers

0 NGPON2

o WDM and coloured ONUs

o XGS PON
o Symmetric 10G PON (intermediate step between GPON afONQR)
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http://www.xilinx.com/support/documentation/application_notes/xapp1277-burst-clk-data-rec-pon-apps-ultrascale.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1252-burst-clk-data-recovery.pdf

T1EPON

Thank You!
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TTCPON- Setup TTCPQON

OLT

Downstreamj

1577nm

9.6Gbps

29/09/2016

KINTEX-7 KINTEX-7
FPGA FPGA

______ g |

KINTEX-7
FPGA

Upstream

1270nm

1:8
2.4Gbps
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TTCPONc DownstreantEC TTCPQN

o BCH decodeg target low latency:

data_i 400
120xFF
~
S1 7b
I n doubleerror-correcting
* = operations in GF(277)

start_dec_i

singleerror-correcting

120xFF

data_i

ri(x) / r3(x

rst A
D

start_dec_i

29/09/2016 E. MENDESTWEPP 2016 27



TTCPONc DownstreantEC TTCP

0 Scrambling
o0 Ex:xM3+1

BER

29/09/2016

—B— SPEC

2333 —«— PRBS-7
PRBS-23

—+— COUNTER

--------------------------------------------------------------------------------------------------

FZZ-Z-Z-Z-ZZZ:Z2Z: CZIOIZZIZIZIIZIZZIIZZICRSICE
____________ z i
-

______________ safe vy
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TTCPONc Upstreamburstlength TTCPON

0 Burst length: 33ns x 125ns

Gap+Preamble 16.6ns
Comma+Addr 8.3ns
Payload 8.3ns (16b)
Latencyo cn 2y dzQa v 2.1us
Average datarate 7.6Mbps (16b/2.1us)
APC Modified
Dynamic Range ~1.0dB
Temperature Huge impact from 4%
Sensitivity@1el11 (OMA) ~-24dBm
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83.3 ns (datasheet = 77.2ns)
8.3ns
33.3ns (64b)
8us
8Mbps (64b/8us)
b2NXIFf O09NFpd
No penalty for 6dB spec
Tested up to 58°¢ no impact
~-24dBm
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TTCPONc Resources & Costs

Resource &ostingk

0 Resourcegof a middle rang&intex7):
o0 OLT =~ 1% Slices LUT
0 ONU =~0.5% Slices LUT

o0 Cost(unitprice¢ buyinglO components)
o SFP+ OLT: 965 USD /667 USD
o XFP+ OLT: 1075 USD / 667 USD
o SFP+ ONU: 258 USD /105 USD
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TTC@ N
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